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Human PaDiloma Viruses (HPVs) are small DNA containing viruses. HPVs are classified as members of 
the papov Xus S^^^^^ with simHar small DNAcoataining viruses like Simian Virus 40 (SV40) and Pdj. 
orJa Wus Over two dozen genetically distinct strains of HPV have been Isolated and are dassrfied by DNA 
Zen.i h«^S.W using hybridization techniques. These are referred to as HPV-1. HPV-2 etc The vanous 
Ss^P^ to^ res^nsible for different disease states. HPVs are of medical interest because they are 
S^nsiWe for or contribute to the developement of a variety of epithelial cell proliferat,ve diseases .n man. 
Z^"aZl infection with HPV strains 16 and 18 is associated with the ''-^'^P-f '^^."^^^f ^^^^^^^^ 
It has been postulated that HPV acts as an initiator in cervical carcinogenesis and that malignant transforma- 
Son deind^n interaction with other factors. Infections with HPV strains 6 and 11 « associated with the de- 
velopment of genital warts. The incidence of HPV infection appear to be increasing as shown a 
creL recently in patient visits related to genital HPV infections In both males and females and the presence 
of HPV in pap smears ofsome women under 30 years of age. 

The nature of HPV-16 In particular and papilloma viruses in general has been ^^^^'^f'^^'^'^^^^^ 
16 contains a 7904 bp double-stranded DNA genome (Siedorf. K.. et al. V.rology (1985) 145. 81-185). The 
IswS S Sm^d contains 72 capsomers (Klug. A. J Mol Biol (1965) 11: 403-423). Addittona lly. U.S Patent 
?77^239nci^s ^series of seventeen synthetic peptides wh^ 
to HPV-16 and thus may be useful for diagnostic purposes. 

tL dhZ of several papilloma viruses have been sequenced, including several HPV types, bovme papil- 
loma virus (BPV) and cottontail rabbit papilloma virus (CRPV). All of these display similar patt^^^^^^^^ 

sequence with respect to open reading frames. The open reading frames can be ^"^«>"«' ^^t, t^n^ 
region (E) and late regions(L);theEregionsare postulated toencadeprote^sneededf<^re^^^^ 

formation; and the L regions to encode the viral capsid proteins (Danos. O.. et al. J. Invest Derm (1984) 83. 

Two HPV encoded proteins. E6 and E7. are thought to be im,oh,ed in the pathogenesis of HPV induced 
abnormal cell prdfferation. The amino acW sequence of the HPV-16 E7 protein as deduced from the nucleic 
acid sequence is shown in N. Salzman and R Hawley. "The Papovaviridae". Vol. 2. p. 379. Plenum Press. N.Y. 

30 ^^^^^ieHPVgenesencodingtheE6andE7proteinsareinvariablyexpressedintissueortumorcells 

from cervical cancers associated with HPV Infection. In addition, the HPV E6 and E7 genes <««r~ed frem the 
HPV-16 strain are capable of inducing epithelial cell transformation in cell culture without the presence of other 
HPV genes. These observations indicate that at least part of the stimulation of cell prolrferation caused by 
HPV infection is due to the E6 and E7 viral proteins. xh^cnf- 
35 The HPV E7 protein has been shown to bind to the retinoblastoma gene (RBG) encoded protein. The RBG 
has been shown to participate in growth control ofsome types of human cancers. Specrf-cally. mutations which 
inactivate the RBG are associated with abnormal or increased cell preliferatKjn. Morover. '"'"'df '°" °^ ^Jj 
n^mal RBG into tumor cells that are mfesing the full length RBG results in decreased cell prolrferatK,n and 
reTc^d ipacity to form tumors in animals. Thus, binding of the HPV E7 protein to the RBG pro em whu:h 
40 !Llf is a known regulator of cell growth and differentiation, provides a mechanism for the E7 protein to affect 
call orollferation N Dyson etal., Science 243: 934-936 (1989). 

r her^^ a pu^e of the present inventton to provide synthetic peptides that inhibit t e binding of 
the HPV E7 protein to theRBG protein. It is another purpose of th« im^ention to provide methods for analyzing 
biX in^?bition activity of these synthetic peptides and other molecules in HPV E7 - RBG ^:^^^^<^';;9 
assays. Aftjrther purpose is to provide treatments of genital warts and cervical carcinoma utrtizing these syn- 
thetic peptides and pharmaceutical compositions containing the synthetic peptides. 

■NUMMARY OF THE INVENTION 

The present invention provides a newly synthesised biochemically pure P^'Vf 
Which inits the binding of the HPV E7 protein to the RBG protein^This PolyPeP'f ^'"'''^^^Z^ 
savs of HPV E7 - RBG protein interaction. The inventton also provides a method of using the polypeptide to 
JeS genital warts and cervical can:lnoma. The novel polypeptides of the ^^^^^'''"'^IZI'^I^JhP^ 
maceutical composrtlons. as screening tools and in the prevention, prophylaxis, therapy and treatment of HPV 
induced diseases or other conditions which would benefit from inhibition of HPV infection. 
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ngTAILED DESCRIPTION OF THE INVENTION 



In one aspect, the invention is directed to a peptide of the ftrfiowing sequence identified liom the noted 
regions of HPV-16: 

Peptide A 

Thr-Asp-Leu-Tyr-Cys-Tyr-Glu-Gln-Leu-Asn-Asp-Ser-Ser 
(representing residues 26-38 of HPV-ie E7 protein). 

The data suggests that Peptide A is a single polypeptide of Identified sequence, however, the possibili^ 
of homologs isofwms or genetic variants of Peptide A exists either within or outside the cellular environment. 
?h 3 S o encompasses all such homologs. isoforms or genetic variants of Peptide A prov,ded each in- 
hS,its Jnding of HPV E7 protein to the RBG protein. Polypeptides that are homologs of Pept.de A specrf.cally 
indude hte having an amino acid sequence which is at least about 40% conserved in relahon o he am.no 
r<isequencesetfbrthinTableA.preferentiallyatleastatK)ut60«^ 

''^^irbeTndeitd byone of ordinary sKllllnthe art thatother van 
the scope of the present invention. This partteularly includes any variants '^^'''^'^''''^'''^^^^^^^^^^ 
tide Aonly by conservative amino acid substitution. Many such conservative am.no acd substitutions are set 
7s forth as sets in Taylor. W.R.. J. Mol. Biol. 188. 233 (1986). 

Pep 'de A rfra ment^ thereof, in t^ii^application includes any such variations in the ammo ac,d se- 
quence whether by conservative amino acid substitution, deletion. 

Deotide after purification inhibrts binding of the HPV E7 protein to the RBG prote.n. For example Peptide C 
SSLbed n &ampte 3 is a derivative of Peptide A with 2 amino acids deleted. Peptide C reteins the actmty 
Xtrde A b^ inhibiting binding of the HPV E7 protein to the RBG protein.The fragments PePjf A may 
be small peptides with sequences of as little as 4 or more amino acids, said sequences be.ng those d«dosed 
in Table A when said polypeptides inhibrt the binding of the HPV E7 protein to the RBG prote.n 

P^peptSeslargerthan Peptide Aare 
polypeXs --ihibitThe binding of the HPV E7 protein to the RBG protein, and include a pa,t.al ammo acid 

35 sequence as setforth in Table A. or conservative substitutions thereof. ^^^th. 

It will be readily apparent to one of ordinary skill in the art that a great deal of use can be made of the 
amino acid sequence of Peptide A. For example, ol^onucleotide probes can be constructed fronr, he ammo 
arseruLe and employed to screen forthecDNAclones encoding PeptideAThese clones^ 
Sde rcDN^^^)^n be used to transcribe mRNAwhich can then be translated and expressed. This work wrth 
40 CuieAinbTusedtop 

of pX rSsynthette peptides can be made by the technique of solid-phase peptide synthes. d,s- 

""""TtJ amino acid sequence can also be used to make polypeptides which can then be u^ ^^t'^^^^Z 
tool for the^dent^ication of non-peptidal molecules which show an inhibitory effect on HPV E7 protem b.nd.ng 

*° ";hS;;rP«Ptides may have various chemical modificattons made at the ternjnal ends and stP, be 
withinthescopeofthepresentinvention.lnparticular.the peptides may be preparedw-th or v^thout an am^^^ 

; iup luhe Sterminus. When prepared with an amide group at its C-terminus, '^^e P;Pt^« ^^J/ ^^^^ 
terminal amide group covalently linked to the carbonyl moie^ of the P'«<!««1;"9 

tides can also have an acetyl group covalently attached to the amino acd at the N-term.nus. Other chemical 
modifications are possible, particulary cydfe and dimeric configuratwns. 

ThTjypeptides of the'resent invention find utility for the treatment of genital 
other con'di^S^s caused by HPV in man. The polypeptk^es of the P--f --"^J^f " "^^'^^^^^^^^ 
maceutk^l composittons for the treatment or prevention of diseases .nvolv.ng HPV or the RBG prote.n as well 
as the other condltkjns discussed above. „„„«Ki„«fr«n 
In further aspects, the invention relates to the foregoing peptides conjugated to earners capable of con- 
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ferring immunoflenidty on these peptides, to antfeera raised against these peptides and the antibodies con- 

•"'"^hrpeptides of the invention may be used to raise antibodies, either in subjects for which Protection 
• TwI^f i^n HPV is desired i e as vaccines or to heighten the immune response to an HPV infection 

anTi^wLTteined in the production subjects, monoclonal antibodies may be produced using the standard 
n^th^s Tby more recent modificattons thereof by immortalizing spleen or other ^"'^^-^^^^J^ 
frinj^ion into animals to obtain antibody-producing clones. The polyclonal or monoclonal antibodies ob- 
tained if corrected for species variations, can also be used as therapeutic agents. 
□("rertadminislration^ 

subj^Us^rS iScted. a bo<^tto the subject's own immune response to ^^J^^^^^^^ 

aress of the disease For all applications, the peptides are administered in immunogenic form. Since the pep- 

Sesa?e?itXhorMh^^ 

m rrirmaterial should ideally be antigenically neutral, i.e.. ineffecth^e in raising antibodies agamst 
I^S^neSty is. ofcourse.an ideal state as many carriers which areactua^^ 

^^tSenic regies wWch are capable of raising antibodies in the host. However, this may still De a<xeplable rf 
fh?an«geSons are in facJ different from those of the peptide of interest, which is quite easy to achieve, 
nr if thA antibodies raised against the carrier portions are harmless to the subject 

?he mC^deTa projhylactk: or therapeutic dose of a polypeptide of this -ention will of cou^e vary 
with theTr?up of patients (age. sex. etc.). the nature or the severity of the condition to be treated and wrth 
rhroartirar P^ ypeS^^ invention and its route of administration. In general, the da, y dose range fo 

per day. prefei^bly of between about 0.5 mg/kg of body weight to about 5 mg/kg of body weight of a mammal 

?ny surtable route of administration may be employed for providing a mamm^. especially a wrth 
an effectle dosage of a polypeptide of this invention. For example, oral, rectal, vaginal, topical parenteral. 
Sirrsal sutJingual. buccal intravenous and the like may be employed. Dosage fom^ 'n<='"f «f J'^^^' 
Ses Se^ions suspensions, solutions, capsules, creams, ointments, suppositones. aeroso s and the 
f^Sald Tag^^^^^^ ^so include implanted slow releasing devices specmcally designed for this purpose 
or Other forms of implants modified to additionally act In this fashion. 

The phaTmaceuScal compositions of the present invention comprise a polypeptide of this -"vention as an 
act Je ingriiTnt or a pharmaceutically acceptable salt thereof, and may also contain a P^^^'-^^^^^^,^^ 
Siteblecarrierandoptionallyothertherapeuticingredients.Theterm"pharm^a^^ 

fe« to salte Drepared torn pharmaceutically acceptable non-toxic bases including inorganK: bases and organic 
ba^erT^Zp'SioJrindudecompositLs suable Ibroral.™^ 

subungual d3. topical or parenteral (including subcutaneous, submucosol. Intramuscular, intravenous and 
?n«ra artel^al) aSminisfration. although the most suitable route in any given case will depend on the nature and 
eTerin Vhe being treated and on the nature of the acth^e ingredient They may be conveniently 

pZnte? in unTdosLge tm and prepared by any of the methods well-known in the art o P^^n«cy_ 
' S adminis" atk)D by inhalation, the polypeptides of the present inventton are ""venjent^ehvered -n 
the f^m Of an aerosol spray presentation from pressurized P-'^ ^-"f f ^/.^^^^^^^^^^^ 
formulated as a cartrklge from which the powder composition may be inhaled wrth the aid o^^ ^ suitable devBe. 
?heTre5^rS delivery system for inhalation in a metered dose Inhalation (MDI) aerosol, which may be formu- 
lated as a suspension or solution In f luorocarbon propellants. i„tions dustino 
Suitable topical formulattons indude transdermal devices, aerosols, aeams. ointments, totrons. dusting 

•^TrcJi^use' a polypeptWe of this Invention can be combined as the active in9red'«"'^'"«'-f f^^^^ 
mixt^re'^rthrhar^ru^^^^ 

^rrier may take a wide variety of forms depending on the form of preparation desred ^^'^d'^'^'^^'^^-.^^.. 
Tra or parenteral (induding inLvenous and intra- arterial). In preparing the compos.t«ns ororai dosageforrn. 
Z 0 the usual pharmaceutical med^ may be employed, such as, for example, water glycols oils, alcohds. 

and caosules represent the most advantageous oral dosage unit form, m which case sdid pharmaceutical car 
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administered by controlled release means and/or delivery devices. „„e.„t^ 

Pharmaceutical compositions of the present invention suitable for oral admrnistra^on may be presented 
as discrete unite such as capsules, cachets or teblete each containing a predetermined amount of the active 
fngrernfasTpLerorgrLesorasasoluttonorasuspensionm 

r^lTwatl emulsion or a water-ln-oil liqu W emulsion. Such compositions may be prepared by any of the 
ItCs of^arma^ but all methods indude the step of bringing into assoc^tion the active ingredient wrth 
Te c^rieTwhich constitutes one or more necessary ingrediente. In general, the compositions are prepared 
by unSy and intimately admixing the active ingredient with liquid carriers or finely '^'v-'ed^ljd earners 
o?toth and then if necessary, shaping the product into the desired presentetion. For example, a tablet may 
Z^^^ y L^ession or mending, optionally wKh one or more accessory -^r-'-'^-^P^^^^^^^ 
lets may be prepared by compressing in a suitable machine, the active ingredient .n a free-f lowing form such 
as powder or g?anules. optionally mixed with a binder, lubricant, inert dHuent. surface active or dispere.ng 
agenriJoIdedS^ may be made by molding in a suiteble machine, a mixture of the powdered compound 

™Tt;i^ii::rr:to?et^^^^^^ 

it is generally desirable to confer species characteristics upon them compatible with '^e subje^o be treated 
A^^Llngly. it is often desirabte to prepare these antibodies in monoclonal form since fusion wrth surtable part- 
ners is capable of conferring the desired characteristics on the secreted monoclonals. 

OnSdesigned. the peptides of the invention are prepared by any convenient means commonly by chem- 
ical pep?de synthesis using solkl phase techniques. For conjugation to carrier protein, - --eriient to s^^ 
heL these peptides with an additional functionalrty. for example, a cysteine residue at the C-term.nus to 
prLe a convLent linkage. Depending on the nature of the linkers used, however other appr^^ 
the conjugates are possible. The conjugated peptides are then administered to subject animals. 

Peptide Synthesis 

As used herein, "peptide", "polypeptide", and "protein" are used interchangeably, and refer to amino acid 
sequenceTof a^^r^ety of lengths, etther in their neutral (uncharged) forms or in forms which are salte and 

t'he^rof mo^if icalns such as glycosylatton. side chain oxidation, or P^-^^f^^'^^^^^^^ 
modifications It is well understood in the art that amino acid sequences contain acidic and basic groups, and 
SSS^tL^^ ionization state exhibited by the peptide is dependent on the pH of the 
when the protein is in solution, or that of the medium from which it was obtained rfthe protein .s in solid form, 
^so i cTudSTthe dennition ^e preteins modified by additional substituente attached to ™ -^^^jj^ 

Jns such as glycosyl units, lipids, or inorganic ions such as phosphates. ^ well as 'r^'l^^^'^^Ll^^^t 
to chemtoal conveLns of the chains, such as oxidation of sulf hydryl groups. Thus. "peptKle- onto equivalent 
terl bSe^ed tornclude the appropriate amino acid seq^ 
modifications which do not destroy Its biological properties. 

dard in the art is feasible. See Merrif ield ("Solid-Phase PeptWe Synthesis". Advances ,n ^"^^f^ 
296 1969V G Barnay & R B Merrifield "Solid-Phase Peptide Synthesis". The Peptides. Vol. 2. ed. E. Gft»s 
fj'Zir(T980 ™f method is based on the strategy of having the carboxyl terminus of the pep^-de 
fnked covalently to a solid support. The desired peptide sequence is prepared by stepwise couphng o s,ng|e 
amVo acids to a peptide chain growing from the carboxyl toward the amino terminus. Coupling « tyP'caHy «ch- 
teTd by activation of the carboxyl group of the amino acW being attached to the resin which ^^J^^^^'^^ 
Sttally reactive gmups blocked. Following addition of an amino acid to the growing polypeptide chain, and 
^Ir tStthrchaln' elongation, a protecting greup is typically removed. Because 

bv nearly the same series of reactions, the need for elaborate strategies in the synthesis « •"'"'"''^ed Solu^ 
b Ity is not a major issue during synthesis, because the peptide is linked to a solid support^ This method « 
ra7d and it can be utilized simply.lt isveryconvenientforthesynthesisofmultipleanalogswithamm^^^^ 

substftllJlonT because a single synthesis can be branched in multipte directions near the amino terminus, 
thereby creating many analogs varying only In the amino terminal region 

Recombinant DNA methodology provides an alternative way of synthesmng '►'^ P^P'',^"J„^; 
DNA coding sequence for the desired peptide or protein is ligated into an expression vector '"J^ble for fran^ 
forming a reciptent cell, which is thus caused to express the gene and produce the protein The DNA coding 
sequences are suff ic-iently short to be prepared synthetically using means known in the art. 

The coding sequence is placed underthe control of control sequences compatible wrth recombinant hosts 
in plasmids containing convenient restriction sites for insertion of the desired coding sequence. Alternatively. 
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these peptides can be produced in bacterial or nonbacterial. I.e., yeast recombinant hosts using appropriate 
control sequences, vectors and transformation techniques. ^ . 

in order to Identffy antagonists of the HPV E7 piotaln - RBG protein interactton, the ammo acd sequence 
of the SpV.16 E7 proteins was examined. The amino acid sequence of the HPV.16 E7 protein is depicted in 
Table B. 

Amino acid sequence of the HPV~16 E7 protein, 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



NH 



,-Arg-Asii-Pro-Ala-Val-Ile-Met-Hi8-Gly-A8p--Thr-Pro-Thr-Leu-His- 



16 31 
Glu-Tyr--Met-Leu-'Asp-Leu--Gln-Pro-Glu-Thr-Thr-A6P-Lett-TYr-CYB-lYr- 

32 ^7 
piy-mn-Leu-Agn-Afip-Ser-Se r-Glu-Gltt-Glu-Afip-Qltt-Ile-Asp -qiy-FrO- 

48 " 
AT ^-Cl v-cin-Ala- Glu-Pro-AsD-Arg-Ala-Hi6-TYr-A6fl-Ile-Yal-Thr--Phe- 



64 79 
Cys-Cys-Lys-Cys-Afip-Ser-Thr-Leu-Arg-Leu-Cys-Val-Gln-Ser-Thr-His- 

80 95 
Val-Asp-Ile-Arg-Thr-Leu-Glu-Asp-Leu-Leu-Met-Gly-Thr-Leu-Gly-Ile- 

96 104 
Val-Cys-Pro-Ile-Cys-Ser-Gln-Lys-Pro-COGH 

Peptide A contains residues number 26 through 38. 
Peptide B contains residues number 46 through 61. 



55 



several distinct regions of this protein were selected to provide the sequence of peptKles t^^' ^'J' " 
with binding of the E7 protein to the RBG protein. The sequence of Iwo of the peptides that were synthes.zed 
1 tested are underlined in Table B. The peptides corresponding to these underlined 3ec|U«n«s «e« s^^ 
fhesized and isolated as described in Example 1 . The purified peptides were then assayed for their ability to 
Inhibit binding of the HPV E7 protein to the RBG protein as described in Example 2. 

rLdZral peptide unrelated to the HPV E7 protein was also tested for its ability to inhibit binding of 
the H?V E7 protein to the RBG protein. This additional peptide consisted of the last eight ammo acid residues 
;!; ,l!l humaS gastrin releasing peptide (Acetyl-GRP 20-27). This GRP peptide Is described .n Heimbrook et 

^••onTpeXATh^ite^^^^^^^^^^^^ 
following sequence: 

^ ^,7y-P.-«-A1i-Glv-r.ln-A1il-Glu - Prn-A«n-Arg-A1>l-Hi8-TYr-Afin-IIe-Val 

nor the Acetyl-GRP 20-27 peptide inhibited the binding of the HPV E7 protein to the R^Gproteia These ex 
periments indicate that a peptide of the sequence Thr-Asp-Leu-Tyr-CYS-Tyr-Glu-Gln-Uu-Asn^^^^^^^ 

NH. has the abBity to block binding of the HPV E7 protein to the RBG product. These 

ihilother peptldi Identified fromdiffetent regions of the E7 protein or firom other proteins can not inhibitHPV 

E7 protein binding to the RBG protein. 

The following examples illustrate the present invention without limiting the same thereto. 
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EXAMPLE 1 

SYNTHESIS OF HPV E7 PEPTiDES 

The Deptides representing different regions of the HPV-16 E7 protein were synthesized The sequence 
of these rep idesL^^ 

t^L 'm Jable B. The peptides are referred to as Peptide A and Peptide B. Peptide A has the sequence. 
Thr-A«p-Lcu-Tyr-^yfi-Tyr-Glu-Gln-Lcu-A8ii-A8p-Ser-Ser-NH2 

wheretheamide group attached tothe serine residueatposition13representsacarbo^^^^^ 
covalently linked to the cart)onyl moiety of the serine residue. 
Peptide B has the sequence: 

Gly-Pro-Ala-Gly-Gln-Ala-Glu-Pro-Asp-Arg-Ala-Hls-Tyr- 
Aan-Ile-Val 

where the valine residue at position 16 was incorporated as the carboxylate, 

TeptrA corresponds to residues 26-38 of the HPV-16 E7 protein. Peptide B corresponds to ..s.dues 
46-61 of the HPV-16 E7 protein. These peptides were synthesized using the techniques of solid phase peptide 
ImlsCs desJibSby R.B. Merrifield J. Am. Chem. Soc. 85: 214^2154 1963. and J.M. Stewart and J.D. 
vS^ Sdid Ph2« Peptide synthesis. Pierce Chem. Co.. Rockeford. 111 .. 2d ed.. 1 984. The actual synthes- 
irwerl irformed on an Applied Biosystems Model 430A peptide synthesizer. Peptide A was synthesized on 
Tp m th'^-CMr^amrresin. UsLf this resin permits isolatton ^ 

foLing deavage with hydrogen fluoride. Peptide B was synthesized on an «m.no «cyl- 
XnTacetamidomethyl resin. Use of this resin permits isolation of peptides with a free '^^'^^^^J'^'j^^^^ 
Lthecart>oxyterminalaminoacid residue. Bothpeptides were synthesized using commerciallya^^^^^^ 

amino acids^ossessing protected side chain groups. Cleavage and deprolection of the ,esm-tK.und peptide 
wr^cWevt^^y treatment with liquid hydrogen fluoride containing scavengers. Purif fcat.on of he cleaved 
Side^ v^^Performed by reversed phase high performance liquKl chromatography ("PLC) -^^^^^^^ 
^"s column. The method of purification using HPLC was as described by J. Rivier et al. J- Chromatogn 288^ 
3^3-328 1984. Once isolated, the composition of each peptide was validated by amino acid analysis using a 
Beckman 6300 amino acid analyzer (Beckman Instruments. Palo Alto. California). 

EXAMPLE 2 

BINDING INHIBITION ACTIVITY OF SYNTHETIC PEPTIDES 

Peptide A PeptWe B. and Acetyl-GRP 20-27 were assayed for their abilities to inhibit the binding of the 
HPV 16 E7 protein to the RBG protein. Binding inhibition assays were carried out ipfiH USing a ^o^^J^^. 
of the procedure described by N. Dyson et al.. Sdence 243: 934-936 1989. Whole cell lysates of Hela cells 
we^ u'ra^ source of human R^G protoin. Rabbit reticulocyte cell free lysates f^at perm,t transc^ption 
a^translation of exogenously added DNAs served as a source of HPV-16 E7 protein. The HPV-16 E7 gene 
^fddJd to theS reticutocyte lysate as a recombinant DNA clone under the control of a T7 promoter 
Z i^cuSt^ for 60 minutes at Zci the presence of radiolabeled methfonine to 
HPV 16 E7 gene and translatton into E7 protein that contained radfolabeled methtonine. The Hela cell and ral^ 
b« retiS^ lysates were then mixed and incubated at 4-C for 90 mlnutes^After further "^ampulat^ns^^ 
murine anSody against the RBG protein was added and incubated at 4»C for 60 mmutes. Next a rabbit anti- 
Zse IgG a^body and protein A sepharose was added to the reactton mixture in order to immune preci^Jte 
TrBG protein. aI the same time, the E7 protein that was bound to the Protein was alsopj^^^^^^^ 
After an addtttonal 60 minute incubation at 4"C the preclpiteted proteins were isolated by ^en^^^^" 
examined by polyacrylamkle gel electrophoresis. Following electrophoresis, the P^'^^^^^^l^^f ^J^. '^^^^ 
and expos^ to x-ray film. Since the HPV-16 E7 protein used in these reactions was radiolabelled dunng its 
synthesJfhe x-ray ?ilm reveals the presence of E7 protein that was bound to the RBG protein and therefore 
rlne prrc^S along with the RBG protein using the anti-RBG protein antibody. This b«c^emical pro- 
S yields a quantitative estimate of the binding of HPV-16 E7 protein to the RBG protein Hpp 

TheVe bicihemical reactfons can be run with or without added synthetic peptKles to evaluate the effects 
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of various concentrattens of peptides on the binding of the HPV E7 protein to the RBG protein In our^dies. 
tie a~i"of peptide A to th^ reaction mixtures at concentrations of 40 uM.^ ""^.^-^J^/^^ 
Tction in HPV-16E7 protein binding tothe RBG protein of 90%. 90% and 60% respect.vely.Ad^^^^ 

Bc?SGRP20-27tothe reaction mbrtureatconoentrationsuptoeOuMhad 
binding to the RBG protein. 

EXAMPLES 

DERIVATIVE OF PEPTIDE ATHAT BLOCKS BINDING OF HPV E7 PROTEIN TO THE RBG PROTEIN 

A synthetic peptide, designated Peptide C. was synthesized using the techniques described in Example 
1, The sequence of Peptide C is as follows: 

Ac-Leu-Tyr-Cys-Tyr-Glu-Gln-Leu-Asn-Asp-Ser-Ser-NH2 

where Ac Indicates an acetyl group covalently attached to the alpha amine moiety of the leucine residue, and 
NH2 represents an amide group covalently attached to the carbonyl moie^ of the senne residue_ 

Peptide C is a derivative of Peptide A described in Example 1. Therefore, the sequence of Pept.de C » 
similarfo the sequence of Peptide A and includes the amino acid rescues of the HPV-16 E7 Pro te'n num^^^^ 
28 through 38. Peptide C differs from Peptide A by having the ammo acid residues number 26 and 27 deleted 
and bv having an acetyl group covalently attached to the leucine residue at position 28. . . ^. ^ 

Pep'r? was examLd in the assay described In Example 2. Peptide C Inhibited HPV-16 E7 protein bind- 
ing to the RBG protein at concentrations of Peptide C as low as 1 uM. This experiment shows t hat <l«r^ativM 
ofPeptideAthatencompasssegmentsofPeptideAsmallerthantheentire13an^noac,dsresiduesofP^^^^^^^^ 

A are inhibitors of HPV E7 protein binding to the RBG protein. Additionally. Peptide C e rtseif an antagonist of 
the HPV E7 binding to the RBG protein. 

Example 4 

METHYLATED DERIVATIVES OF PEPTIDE ATHAT BLO CK BINDING OF HPV E7 PROTEIN TO THE RBG 
PROTEIN 

Peptide D: 

A synthetic peptide, des^nated Peptide D. was synthesized using the techniques described in Example 
1. The sequence of Peptide D is as follows: 

Ac-Asp-Leu-Tyr-Cys-Tyr-Glu-Gln-Leu-Asn-riH2 

where Ac indicates an acetyl group covalently attached to the alpha amino moiety of the ««P^^«<: f 

and NH2 represents an amide group covalently attached to the carbonyl moiety of the ^^^^"^^^^l^^^^ 

Peptide D IS a derivative of Peptide A described in Example 1. Therefore, the sequence of PepUde D ^ 
similar ?o the sequence of Peptide A and includes amino acid residues of the "^^-16 E7 protem numt^ra 27 
through 35. Peptide D differs from Peptide A by having the amino acid residues numbers 26. 36. 37 and 38 
deleted and by having an acetyl group covalently attached to the aspartic add residue at positran 27. 



Peptide E: 

A synthetic peptide, designated Peptide E. was synthesized using the techniques described In Example 
50 1 . The sequence of Peptide E is as follows: 

Ac-Asp-N-methyl-Leu-Tyr-Cys-N-methyl-Tyr-Glu- 
Gln-N-methyl-Leti-Asn-NH2 



where Ac indicates an acetyl group covalently attached to the alpha amino moiety of the aspartic acid residue, 
NH2 represents an amide group covalently attached to the cartonyl moiety of ^I^^J^P^j^^ine^^^^^^^^^ 
methyl represents a methyl group covalently attached to the alpha ammo maety of the leucine residues at 
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positions 28 and 34. and the aipha amino moiety of the tyrosine resKJue at position 31 

Peptides D and E were examined In the HPV-16 E7 protein binding assay descnbed by R E- Jon^fta'^ 
The Journal of Biological Chemistry. Vol 265:12782-12785. 1990. This assay measur^ the binding of the E7 
protein to the RBG protein. Peptides D and E Inhibited HPV-16 E7 protein binding to the RBG proteui at con- 
JLnSilnrofPeptideDaslowas20nM 

SrthTderivafls of PeptWe A that are smaller than Peptide A and derivatives of Peptide A that contain 
N Lhl«l ami^ acid residues are Inhibitora of HPV E7 protein binding to the RBG protein^ Add.tK,naiiy. 
PeXe D and Peptide E are themselves antagonists of the HPV E7 protein binding to the RBG protein. 



10 Example 5 



E7/RB Binding Assays: 

An in vitro solution assay used for the detection of complex formation between E7 protein and Pl05-RB 
,5 has been d^bed by Dyson, et. al. (30). Cell lysates used as source of RBG protein were prepared from hu- 
^4 bladrrcarcim^a cells as described (30). C36 and the control antibody Pb416 are monoclonal a - 
r^tes ej ected against RGB protein and SV40 large T protein, respect^ely. These antibodies were a gen- 
: oTgiffiS^E. Harlow (Cold'spring Harbor Labo^tories. Cold Spring Harbor. NY), W-'P,^- 
E7/RGB protein binding reactions containing serially diluted peptide antagonists were ^'^^^^^ 9^ 
lLingbLr(30).Fh,e^lwascounteddireotlyinRightSafe(Beckan.PaloAlto.CA.)scln^^^^^^^ 

25 Ml was subjected to sodium dodecyl sulphate poly-acrylamide gel electrophoresis. Gels ^'^^^^^^^^^ 
posed to Kodik X-AR film at -70'C overnight In order to more rapidly assay large ^-^^^Z;^^J.^^^t 
more easHy quantitate the binding results, we developed a plate binding asszy fbrthe f «taf^'°" °^^7mGB 

protein ass'ociatton. Purified recombinant E7 was resuspended in 0.1 ^J<^^'' .'^'^''''^Ll^^^^^ 
Fifty microliters ofthissolutionwasplacedinot each well ofapdyvinylchlondem,cortiterpiate(COSTAR^^^^^^ 

Camb^^dqe MA ) The plate was gently agitated for 18 hours at 4«C. The E7 solution was aspirated off and 
?riSpLb^Lng buffer (PBBH5oLHepes7.0.250mMsodiumchloride.O^^^ 

gela^n. and 0.02% sodium azidel was added pwe well. The buffer was renr|oved and the P'a^ w^^^J^J 
Le times in the above buffer without the gelatin (PB). five femtomoles of ^^-me^iionine (Amersha^^^^^ 

30 Ci/mnole Arlington Heights. IL.) labeled RBG protein prepared in a rabbit reticulocyte lysale was diluted in 
PbT^^^/co Sing various peptide antagonfets to a final volume of 50 m and added to the ^Jd P 
The plate was agsin incubated at 4X with agitation for 1 hour after which the solution was aspirated and each 
well washed five times with PB. The top of the plate was removed using a hot wire cutting apparatus (D. Lee 
SuIn^lTcA) S;.h well eas placed in 3 ml of Ready Safe scintillation cocktail (Beckman. Palo Alto. CA.) 

35 and counted for one minute. , o^n 

30. Dyson, N. Duffy. LA., and Harlow. E. (1989) Cancer Cells 7. 23«40 
31 Merrifield R.B. (1963) J. Am. Chem. Soc. 85. 2149-2154 

3^ sZ^Ls.. Shi Jnishl. Y.. Kishida. Y.. Okada. M.. and Sugihara. H. (1 967) Bull. Chem. Soc. Japan 



S Ri^!^J.! McClentock. R.. and Anderson. H. (1984) J. Chromatogr. 288. 303-328 



Example 6 
Peptide Syntheses: 

Peptides (see Table C) were prepared by solid-phase synthesis (31). using a double ""P^ "^^'J^^ 
the Introduction of all amino acids on the model 430A Applied Biosystems automated peptide synthes.z«^ De- 
protectton and removal of the peptide from the resin support was ache^ed by 'rea^nt w.^^^^^^^ hy<lK,fU.nc 
acid (32) The peptides were purified by preparative high-pressure liquid chromatography (HPLC) on reverse 
Thase 018 sSica columns using an aqueous 0.1% trifluoroacetic acid-acetonitrile gradient(33,. Hom^^ 
of the peptides was demonstrated by analytical HPLC and identity was confirmed by amino acid composition 

^"^'SSe C lists twenty-three peptided prepared using these technkjues. These peptides include homologs 
of peptide A that inhibit E7 binding to the RBG protein. 
ss 11 Merrifield R.B (1963) J. Am. Chem. Soc. 85, 2149-2154 

32. SalS^bar^a S ; Shi Jntehi. Y.. Kishida. Y.. Okada. M.. and Sugihara. H. (1967) Bull. Chem Soc. Japan 

40 2164-2167 

33! Rivier. J.. McClentock. R.. and Anderson. H. (1984) J. Chromatogr. 288. 303-328 
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TABLE C - PEPTIDE ANTAGONISTS OF E7/RBG PROTEIN ASSOCIATION 



PEPTIDES 



E7-(20-32)-AMIDE 

E7-(20-20)-AMIDE 

E7-(20-29)-AMIDE 

E7-(20-28)-AMIDE 

[G1n27]]-E7-(20-27)-AMIDE 

E7-(20-26)-AMIDE 

E7-(14-29)-AMIDE 

E7-{18-29)-AMIDE 

E7-(20-29)- AMIDE 

E7-(21)32)-AMIDE 

E7-(20-29)-ACID 

N-AoE7-(20-29)-ACID 

N-Ac-E7-(20-29)-AMIDE 

N-Ao-E7-(21-29)-AMIDE 

N-Ao-E7-(22-32)-AMIDE 

[Ser2*]-E7-(20-32)-AMIDE 

IABU2*l-E7-(20-32)-AMIDE 

[ACM^]-E7-(20-32)-AMIDE 

[Phe»]-E7-(20-29)-AMIDE 

[Phe25>E7-(20-29)-AMIDE 

[G1 n2«l-E7-(20-28)-AMIDE 

[Asn2i]-E7-{20-28)-AMIDE 

[Asn«T-E7-(20-30)-AMIDE 



SOLUTION ASSAY REG Pro- 
tein/E7 IC50 



1.0 
1.0 
1.0 
5.0 
50.0 
100.0 
ND 
0.4 
1.0 
20.0 
ND 
ND 
ND 
1.0 
10.0 
40.0 
20.0 

> 100.0 

1.0 
15.0 

> 100.0 

> 100.0 

1.0 



PLATE ASSAY RBG Proteln/E7 
IC50 



0.05 
0.08 
0.09 
0.70 
9.10 
3.30 
0.08 
0.06 
0.09 
11.40 
0.08 
0.06 
0.08 
0.04 
25.00 
ND 
ND 
ND 
0.06 
> 50.00 
ND 
ND 
ND 



IC ^ values represent the average of at least two experiments in which each concentration of inhibitor was 
tesred tXS^^^^^^^^^ varitk)n between experiments was less than 10%. The 50o^ inhibition concentration 
are micromolar. ND = not determined. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Oliff , A. I, 
Rienen» H. Vf. 

(ii) TITLE OF INVENTION; Peptide Inhibitors of Human Papilloraa 
Virus Protein Binding to Retinoblastoma Gene Products 

(ill) NIMBER OF SEQUENCES: 5 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Merck & Co., Inc- 

(B) STREET: P.O. Box 2000 

(C) CITY: Rahway 

(D) STATE: New Jersey 

(E) COUNTRY: USA 

(F) ZIP: 07065-0900 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 754,829 

(B) FILING DATE: 0A-SEP-199I 

(C) CLASSIFICATION: Continuation- In -Part 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Daniel, Mark R. 

(B) REGISTRATION NUMBER: 31,913 

(C) REFERENCE/DOCKET NUMBER: 17995IB 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (908) 594-6609 
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(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEI»IESS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Thr Asp Leu Tyr Cys Tyr Glu Gin Leu Asn Asp Ser Ser 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 104 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Arg Asn Pro Ala Val He Met His Gly Asp Thr Pro Thr Leu His Glu 
1 5 10 15 

Tyr Met Leu Asp Leu Gin Pro Glu Thr Thr Asp Leu Tyr Cys Tyr Glu 
20 25 30 

Gin Leu Asn Asp Ser Ser Glu Glu Glu Asp Glu He Asp Gly Pro Ala 
35 40 ^5 
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Gly Gin Ala Glu Pro Asp Arg Ala His Tjrr Asn He Val Thr Phe Cys 
50 55 60 

Cys Lys Cys Asp Ser Xhr Leu Arg Leu Cys Val Gin Ser Thr His Val 
65 70 75 80 

Asp He Arg Thr Leu Glu Asp Leu Leu Met Gly Thr Leu Gly lie Val 
85 90 95 

Cys Pro He Cys Ser Gin Lys Pro 
100 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Gly Pro Ala Gly Gin Ala Glu Pro Asp Arg Ala His Tyr Asn He Val 
15 10 15 



(2) INFORMATION FOR SEQ ID N0:4: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xl) SEQUENCE DESCRIPTION: SEQ ID N0:4:^ 

Leu Tyr Cys Tyr Glu Gin Leu Asn Asp Ser Ser 
1 5 10 

(2) INFORMATION FOR SEQ ID N0:5: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

Asp Leu Tjrr Cys Tyr Glu Gin Leu Asn 
1 5 



Claims 

1. A polypeptide having an amino acid sequence 

Leu-Tyr-Cys-Tyr-Glu-Gln-Leu-Asn-Asp-Ser-Ser 

which inhibits binding of the HPV E7 protein to the RBG protein. 

2. A polypeptide having the formula 

Thr-Asp-Leu-Tyr-Cys-Tyr-Glu-Gln-Leu-Asn-Asp-Ser-Ser; 

or 

Leu-Tyr-Cys-Tyr-Glu-Gln-Leu-Asn-Asp-Ser-Ser. 

3. A polypeptide of Claim 2 which Is 

Thr-Asp-Leu-Tyr-Cys-Tyr-Glu-Gln-Leu-Asn-Asp 
-Ser-Ser-NH2; 

or 

Ac-Leu-Tyr-Cys-Tyr-Glu-Gln-Leu-Asn-Asp-Ser-Ser-NH2. 

4. A polypeptide which comprises one or more polypeptides each of which is an inhibitor of the HPV E7 pro- 
tein binding to the RBG protein and has a partial amino acid sequence of 

Leu-Tyr-Cys-Tyr-Glu-Gln-Leu-Asn-Asp-Ser-Ser 

or conservative substitutions thereof. 

5. A polypeptide having the formula: 
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Ac-A8p-Leu-Tyr-Cys-Tyr-Glu-Gln-Leu-Asn-NH2. 

6. A polypeptide having the formula: 

Ac-Asp-N-methyl-Leu-Tyr-Cys-N-methyl-Tyr-Glu-Gln-N- 
methyl-Leu-Asn-NH2 • 

7. A polypeptide having the amino acid sequence: 

E7-(20-32)-AMIDE: 
E7-(20-20)-AMIDE; 
E7-< 20-29) -AMIDE; 
E7-(20-28)-AMIDE; 
[Gln27]]-E7-(20-27)-AMIDE; 
E7-(20-26)-AMIDE; 
E7-(14-29)-AMIDE; 
E7-(18-29)-AMIDE; 
E7-(20-29)-AMIDE; 
E7-(21-32)-AMIDE; 
E7-( 20-29) -ACID; 
N-AC-E7 - < 2 0-29 ) -ACID ; 
N-Ac-E7-(20-29)-AMIDE; 
M-Ac-E7-(21-29)-AMIDE; 
N-AC-E7- ( 22-3 2 ) -AMIDE ; 
[Ser2^]-E7-(20-32)-AMIDE 
[ABu2*]-E7-( 20-32 )-AMIDE 
[ ACM^* ] -E7- ( 20-32 )-AMIDE 
[Phe23]-E7-< 20-29 )-AMIDE 
[Phe25]-E7-<20-29)-AMIDE 
[Gln26 ] _E7- ( 20-28 ) -AMIDE 
[A8n21]-E7-(20-28)-AMIDE 
[Asn27]_E7-(20-30)-AMIDE. 
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8. 



or 



A method of treating genital warts or cervical cancer in a mammal which comprises administering to said 
mammal a therapeutically effective amount of a polypeptide according to Claims 1-7. 

9. A method of idenfrfying molecules which are Inhibitors of the HPV E7 protein binding to the RBG protein 

which comprises: 

(a) contacting said molecule with a polypeptide according to Claims 1-7; and 

(b) measuring the effect of HPV E7 protein binding to the RBG protein relative to the effect m the al> 
sence of said molecule. 

10. A pharmaceutical composition for treating genital warts or cervical cancer which comprises a therapeut- 
ically effective amount of a polypeptide accorting to Claims 1-7 and a pharmaceutically acceptable car- 
rier. 
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